Drosophila busckii, the only known representative of the subgenus Dorsilopha, has a number of genetic and cytologic peculiarities that shed special light on the probable phylogeny of the chromosomal groups in the genus Drosophila, no less on other problems of general genetic interest. Some of these features have been touched upon in earlier papers on comparative genetics,1' 2 especially those on the cytogenetics of the Y chromosome of D. busckii.3 4 The present paper is concerned chiefly with new cytogenetic data that bear on the structure of the general chromosomal complement of this species, and especially upon the structure of the X chromosome.
Drosophila busckii, the only known representative of the subgenus Dorsilopha, has a number of genetic and cytologic peculiarities that shed special light on the probable phylogeny of the chromosomal groups in the genus Drosophila, no less on other problems of general genetic interest. Some of these features have been touched upon in earlier papers on comparative genetics,1' 2 especially those on the cytogenetics of the Y chromosome of D. busckii.3 4 The present paper is concerned chiefly with new cytogenetic data that bear on the structure of the general chromosomal complement of this species, and especially upon the structure of the X chromosome.
According to current accounts, two chief chromosomal types of D. busckii exist in nature. In one there are four pairs of chromosomes: a pair of rod's, two pairs of V's, and a pair of dotlike chromosomes.' In the other chromosomal type there are said to be but three pairs of chromosomes, there being no dotlike elements. Furthermore, this dotless form is said to possess three morphologically different sorts of X chromosome, namely, a simple rod-shaped X1, 6 , 7 a rod-shaped X that terminates proximally in a spherical satellite,8 and finally a J-shaped X chromosome. 9' 10 In view of the conflicting accounts, the current investigation was undertaken with the aim of reinvestigating the chromosomal set of D. busckii and was carried along in three directions: (1) a cytological analysis of the mitotic and polytene chromosomes of D. busckii from geographically remote populations; (2) a cytogenetic analysis of certain mutant strains; and, finally, (3) an analysis of the homology of the X and Y chromosomes.
EXPERIMENTAL DATA AND RESULTS
The lines that were cytologically analyzed are listed in Table 1 . In all lines the chromosomal complement was the same, consisting of three pairs of chromosomes. The rod-shaped pair is that of the sex chromosomes, and the two V-shaped pairs are autosomes. No evidence of gross dissimilarities in chromosomal complement wvas discerned in any of the strains. VOL. 41, 1955 The metaphase X chromosome has a constriction, evident in most preparations, that is located approximately one-third or one-fourth the length from the proximal end. Only occasionally is the metaphase X bent or flexed at this constriction. As a rule, the proximal end of X orients toward the center of the equatorial plate, and at anaphase it becomes more and more attenuated as it stretches poleward ( Fig. 1, A , B, C). At mitotic prophase the X chromosome presents a very variable appearance. The constriction may stretch greatly, and then the long distal and short proximal parts of the X become widely separated. In extreme cases no microscopic connection can be observed between the distal and proximal lengths, and in such instances the short proximal part of X is easily mistaken for a dotlike chromosome.
The metaphase Y chromosome of the males in populations examined by the author shows a small knoblike thickening at the centromeric end. Between this knoblike thickening and the long distal part of the Y a slight constriction can some- times be observed that is located approximately one-tenth or one-twelfth the length from the proximal end. In anaphase the Y has the appearance of a crochet hook, the crook of which is always directed to the pole (Fig. 1, C In salivary gland cells of females, five long and one short euchromatic elements are present. Of these, four of the long limbs represent the right and left arms of the second and third autosomes. Very often the left and the right arms of the corresponding autosomes remain connected by their proximal ends in squash preparations, forming uninterrupted strands of the whole chromosomes. Sometimes, in the proximal region of each, where the arms are connected, a constriction is observed, the length and the depth of which depend upon the degree to which the chromosomes are stretched. These constrictions are achromatic and correspond to the regions of the centromeres. The proximal ends of the arms adjacent to the centromeric regions are somewhat thicker than the distal parts of the chromosomes, perhaps due to a weakening of the conjugation of chromonemata. The fifth long limb and the short euchromatic element constitute the polytene X chromosome. Identification of these elements as parts of the X chromosome is easily made, owing to their univalent structure in males and their attachment to the nucleolus. In the polytene X the nucleolus organizer, hence the nucleolus, lies between the long limb and the short euchromatic element. When slides are made, the short euchromatic element is easily deformed, and it therefore often appears as a polymorphic body.
The deformability of the short element is correlated with the heterochromatization of its distal end which attaches it to the nucleolus. In all 72 lines the nature of the nucleolar attachment of both long and short euchromatic elements is the same, the X chromosomes all being structurally alike (Fig. 2) .
In the salivary gland cells of males, in addition to the euchromatic elements so far described, there is a second short element, namely, the euchromatic part of the Y chromosome (Fig. 2) . As shown in a previous investigation,4 this euchromatic part of Y corresponds to the knoblike thickening of the mitotic chromosome. Usually the short elements of the X and Y chromosomes are connected by their proximal ends.
Although it seemed natural to suppose" 4 7, 9, 11 that the short element of the X represented the right arm of X and that the centromere was located in or near VOL. 41, 1955 101 play a complicated rearrangement that ino < t O ¢ volves X, 2R, 3L, and 3R. In this case the a' i,9 '8-X 'break in X is located in the distal part of the' -6 short euchromatic element, namely, in the gay coright half of subdivision 20A (Fig. 2, Ci) Ganglial and ovarial complements of females _> N a, P heterozygous for Cubitus interruptus display Ho I 1. three pairs of chromosomes: two V-shaped ; -" pairs and a pair of very unequal chromosomes.
The heteromorphic pair consists of a long rodshaped chromosome, the normal X, and a short dotlike chromosome that tends to be located adjacent to the proximal end of Cytogenetic analysis shows that the factor, or position effect, giving the Cubitus interruptus phenotype is located in the new short chromosome, and thus the short chromosome is easily followed in genetic crosses. When the mutant Cubitus interruptus male is crossed by a normal female, Cubitus interruptus behaves as a dominant sex-linked factor primarily opposed to Y in its segregation. But in crosses where the X chromosomes of females are marked with a recessive gene, some 1.3 per cent exceptional males appear in addition to the expected regular classes of females and males. For example, crosses of yellow 9 9 X Cubitus interruptus cedc gave 897 Ci 9 9, 808 y cP ci, and 22 (1.3 per cent) y;Ci ci e in a total of 1,727 offspring. These y;Ci exceptional males are peculiar by token of the fact that they inherit X-chromosomal factors from both their mothers and their fathers. Both genetic and cytologic analyses show these males to possess a normal complement of autosomes, a normal X chromosome, and a normal Y, as well as a supernumerary element-the short Ci-bearing chromosome. When crossed by normal females, these exceptional males give a remarkable progeny, for Cubitus interruptus is now inherited as though it were a dominant autosomal factor. Thus crosses of white 9 9 X yellow; Cubitus interruptus c' gave 686 phenotypically normal 9 9, 383 Ci 9 9, 434 w dc' , and 298 w;Ci i' di in a total of 1,801 offspring. The lower number of Ci flies in both sexes is of no special significance, evidently being due to their lower viability.
This surprising segregation is due to the fact that the new short chromosome now behaves as a simple duplication, randomly segregating with respect to both X and Y, which behave normally. Thus the occurrence of a high frequency of Cubitus interruptus offspring, the normality of the expression of this phenotype in them, and the independence of the short chromosome at reduction collectively indicate that the new short chromosome possesses its own centromere. Now the length of this short dotlike chromosome in somatic cells is approximately equal to half the length of the proximal part of the normal metaphase X chromosome, i.e., about one-sixth or one-eighth the total length of the X. Although composed of a small distal part of 3R and a portion of the proximal region of X, it is not possible to say exactly what fraction of the total mitotic length of the short chromosome is contributed by each of these. Muller and Painter'3 have shown that the small portion of the X chromosome of D. melanogaster extending from the distal tip to the region of white is cytologically unresolvable at mitotic metaphase. The section of 3R involved in this new short chromosome of D. busckii has approximately only half as many bands as the tip-white region of the X of D. melanogaster. Very likely 3R contributes insignificantly to the short Ci-bearing chromosome, and the greater bulk of this chromosome is very probably made up of the proximal part of the X. However, the apical euchromatic X-chromosomal portion of the new 3R-X fusion chromosome is itself of comparatively small size. Therefore, the proximal heterochromatin of X must make up the bulk of the short dotlike chromosome. In polytenes the terminal portion of 3R forms the distal tip of the 3R-X compound. For this reason it is very likely that the centromere of the small chromosome lies somewhere in its part rightmost, namely, in the heterochromatic portion of the chromosome. VOL. 41, 1955 Similar conclusions may be drawn from rearrangements occurring in the dominant mutant Abnormal abdomen (Aa, 797). In polytenes of females heterozygous for Abnormal abdomen, the X gives synaptic configurations typical for heterozygous overlapping inversions. The Abnormal abdomen aberration involves four breaks in X: one at the end of division 3, one in 10B, a third at the end of 11C, and the fourth in 20D beyond the proximal end of the short euchromatic element (Fig. 2,  Aa) . The order of union among these five fragments is (1) distal fragment, (2) inverted fragment 10B to 11C, (3) inverted fragment 11C to 20D, (4) fragment 3 to 10B in original order, and, finally, (5) the centromeric part, 20D.
Despite the fact that in this chromosome the greater proximal part of X has been involved and transposed into the distal half, including as it does seven of the sections of the long euchromatic element, the nucleolus region, and practically all of the short euchromatic element, the rearranged X in metaphase and anaphase is still rod-shaped and still has a nearly terminal centromere (Fig. 1, F) . The centromeric part of a normal X, then, must be so small as to be invisible microscopically and corresponds to only a small apical portion of the proximal third (or fourth) of the normal X chromosome.
The results of the analysis of Cubitus interruptus and Abnormal abdomen mutants agree in placing the centromere of the normal X chromosome of D. busckii very near the tip of the proximal end, at the right end of the short euchromatic element. In other words, the pronounced constriction at the apical third or fourth of the metaphase X is not centromeric, nor is the short euchromatic element a right arm of the polytene X chromosome (Figs. 2, 3) . On the basis of earlier studies of the polytene and mitotic chromosomes of males of D. busckii, I suggested a homology of the polytene euchromatic element in Y with the short euchromatic element of X.4 Although the basis for this suggestion seemed convincing, final proof nevertheless required a genetic demonstration of the validity of the conclusion. Now, if a genetically active region in X is homologous with the euchromatic part of Y, then allelic genes should occur in these chromosomes. Presumably, mutations of some of these genes may be expected among the progeny of flies involved in largescale irradiation experiments. If a recessive mutant occurs in the supposedly homologous region or regions of X and then is made homozygous within a line, males and females of this strain should be different in phenotype. In the case of a lethal mutation, homozygous females could not occur but males bearing such a recessive lethal should be fully viable.
All together, 1,598 lines were established, each line obtaiiiing an X-rayed X chromiosome. Five of these lilies proved to have recessive X-chromosomal mutations for which a normal allele occurred in the Y chromosome. Of the five lines, three contained different lethal mutations in X and two possessed allelic mutants with visible phenotypes. By adding different fragments of the Y chromosome to the chromosomal sets of these females, it was possible to prove that the normal alleles for each of these X-chromosomal mutant genes are located in the right arm of the Y chromosome, which, it will be recalled, is a small euchromatic element. Finally, by adding the short chromosomal duplication from the Cubitus interruptus line to the female karyotype of these five mutant strains, it was proved that the hereditary factors involved in the induced mutations are all located in the short euchromatic element of the polytene X chromosome. Thus the homology of the short proximal element in X with the euchromatic element in Y may now be taken as proved.
The question arises as to the evolutionary origin of the euchromatic element common to X and Y. Both the present author" I and Wharton,7 as well as some others,9 have suggested that the short euchromatic element or the X represents the microchromosome (dot) that is present in many species of Drosophila but is absent in D. busckii. Such a conclusion is reasonable on the basis of the comparative morphology of both polytene and mitotic complements, but to date no genetic evidence has been brought forth for this belief.
It is known that Cubitus interruptus is a characteristic mutation of the fourth (dot) chromosome of D. melanogaster. The hereditary factor in D. busckii described by us as Cubitus interruptus is located in the derived short or dotlike chromosome that is made up of the tip of 3R and the proximal part of the short euchromatic element of the polytene X chromosome. Some evidence suggests that the factor Cubitus interruptus resides in the X-chromosomal part of this 3R-X compound. To date, this is the only genetic evidence of at least a partial homology of this small euchromatic block in X and Y with the microchromosomes.
It would seem, then, that in the process of evolution translocations of the microchromosomes took place stepwise to both X and Y or to one of the sex chromosomes only. In the latter case the euchromatin of the microchromosome may have been transferred to the other sex chromosome by crossing over. As is the case in species with free microchromosomes, then, these euchromatic elements are also present in equal dose in both sexes of D. busckii.'
In almost all species of Drosophila studied to date7 ' 9 14 there is a short euchromatic element among the polytene chromosomes. However, in about a quarter of these species, just as in D. busckii, there are no dotlike chromosomes or microchromosomes present in either mitotic or meiotic nuclei. Comparative cytological analysis of the chromosomal complements has led to the supposition that in some of these dotless species, in which there has been no reduction in number of centromeres, the microchromosomes have acquired heterochromatin from other chromosomes during the process of species differentiation. Drosophila ananassae is a good example of such a change in karyotype. Its microchromosomes, as shown both cytologically and genetically, have acquired most of the heterochromatic region of the X chromosome, including the locus of the gene bobbed as well as the nucleolus organizers As to the others of this dotless group of species, in which the "loss" of the dots has been accompanied by a reduction in number of centromeres, com-VOL. 41, 1955 Several mutations characterized by neuromuscular symptomatology, either of unknown etiology or associated with primary neuropathology, have been reported in mammals.1 Although primary involvement of striated muscle has frequently been described in humans,2 reference to spontaneous myopathy in animals is rare. The present communication describes a myopathic mutation in mice, apparently the first recorded instance of primary pathological involvement 6f muscular tissue in an experimental animal of known genetic background. In view of the striking similarity between the lesions in this mutant and those found in human muscular 1079 VOL. 41, 1955 
